Abstract Cutaneous leishmaniasis is still a health problem worldwide, especially in tropical and subtropical areas. Currently, pentavalent antimony compounds are used to treat leishmaniasis. These compounds cause various side effects in the body. Therefore, there is a need to discover new drugs with less toxicity and more therapeutic effects. In this study, we encapsulated the meglumine antimonate into the albumin as a drug carrier and evaluated the antileishmanial effect of the prepared nanoparticles. The precipitation method was used for this purpose by applying different concentrations of glutaraldehyde and N-(3-Dimethylaminopropyl)-N-ethyl carbodiimide hydro chloride Ethyl (DEC) and then, field emission test was performed using Scanning Electron Microscopy for evaluating the morphology and size particles. The cytotoxicity and inhibitory of drugs were evaluated on J774 macrophages and Leishmania major promastigotes, respectively. Nanodrugs prepared using glutaraldehyde (10 ll/ml) and DEC (13 mg/ml) had the smallest and largest size, respectively.
Introduction
Leishmaniasis is one of the most important parasitic diseases caused by about 20 different species of Leishmania spp. At present, the disease causes 20,000 deaths every year in the world and nearly, 350 million people from 98 countries are at risk (Sabur and Ali 2015) . It is estimated that around 2 million children and adults show clinical symptoms of leishmaniasis annually which is about 0.5 millions of these are visceral and 1.5 millions are cutaneous forms (Desjeux 1992; Nejati et al. 2014) .
Leishmaniasis is considered as neglected diseases and less supported by public funds, governments and pharmaceutical companies and this is while the disease is ever-expanding in the world, So further research for the prevention and control of the disease is inevitable (Reithinger et al. 2007) .
Selective drugs for treatment of leishmaniasis is pentavalent antimony compounds such as glucantime and pentostame (Fouladvand et al. 2013) . Antimony compounds were first described in 1945 and have since been used as effective agents for some forms of leishmaniasis. However, the long-term administration of these drugs, variable effects and most importantly, the emergence and increase of parasite resistance are some factors that limit the effective use of these drugs (Borborema et al. 2011) . Moreover, the side effects of these drugs are significant on different parts of the body, particularly in the liver and kidneys. On the other hand, there is still no effective vaccine to be used in endemic areas to control the disease (Noazin et al. 2009 ). Other alternative drugs for the treatment of leishmaniasis that can be mentioned are pentamidine, amphotericin-B and miltefosine (Fouladvand et al. 2011) . A recent study conducted in the Bihar region in India (the most infected area with visceral leishmaniasis in the world) has shown that there are 10,000 unresponsive in one million patients to common types of anti-leishmanial drugs (Sundar et al. 2000; WHO 1995; Chowdhary et al. 2016 ).
In the current situation, the injection of these drugs and their distribution into the body causes side effects to other non-target areas. Also, a significant part of injected drugs are removed from the body before reaching the target site (Chowdhary et al. 2016 ). Therefore, due to the high prevalence of leishmaniasis in different parts of the world and the emergence of resistance to current common drugs, discovering new drugs with less toxicity and more therapeutic effects seems to be necessary (Santos et al. 2008 ). Even though, over the past decade, a number of alternative drugs have been introduced with new formulations and some drugs are still at the clinical trial stage, this problem is still critical.
Leishmania is an obligate intracellular parasite and resides and reproduces into the macrophages. After macrophage phagocytosis, the parasites enter the phagolysosomal vacuoles which it not only causes a restriction in drug access to the parasite, but also a relatively high dose of infusion will be needed to treat the disease and consequently, the side effects of the drug will increase, so, it seems the choice of macrophages as a drug target can minimize the cross-drug effects of non-target areas and solve many of the problems associated with these conventional drugs (Veerareddy et al. 2004) . In this regard, drug delivery system can be used to send the drug to a specific target where the parasite is present (Gour et al. 2009 ) and it is obvious that such conditions can reduce the resistance of the parasite, increase the effect and minimize the side effects of the drug.
Nano and micro polymeric particles have been used as drug carriers in various studies (Venier-Julienne et al. 1995; Paul et al. 1998; Date et al. 2007 ) but one of the drawbacks of this group of compounds is their toxicity (Wissing et al. 2004) . To overcome this problem, it is better to use degradable and non-toxic particles in drug delivery systems (Gupta and Hung 1989; Ahsan et al. 2002; Sanchez-Brunete et al. 2005) . In 1972, albumin was approved by the US Food and Drug Administration for clinical use as a micro and nanospheric particle (Schafer et al. 1994 ) and subsequently, it found many diagnostic and therapeutic applications, as there are currently over 100 types of albumin-based diagnostic and therapeutic products available (Dandagi et al. 2006) . Albumin is a degradable, non-toxic and inexpensive polymer that is available in pure form (Grinberg et al. 2007) and one of the important characteristics of this protein is its preferential removal by inflammatory tissues, so that is a good reason for choosing it as a drug carrier. In recent years, albumin nanoparticles have also been used as one of the most promising nanoparticle formulations for the treatment of cancers (Benita 2006) .
Considering these issues, in this study, we are going to use different methods to load the meglumine antimonate onto the albumin as a drug carrier and compare their antileishmanial effects with the free drug. 
Materials and methods

Ethical approval
Preparation of meglumine antimonate-loaded albumin nanoparticles
The precipitation method was used for this purpose by applying different concentrations of glutaraldehyde and DEC. Briefly, meglumine carbohydrate was dissolved in distilled water. Then, by optimising the reaction conditions using various temperature and pH changes, antimonate was added to the meglumine solution at 55°C and pH7. In the next step, albumin solution (0.2 gr/ml) was added to the above compound. In order to obtain a drug with a high level of antileishmanial activity, drug precipitation was performed in different ways using different concentrations of glutaraldehyde (0-10 lg/ml), with no using glutaraldehyde, and also using DEC (13 mg/ml). To enhance the drug loading and to achieve a higher amount of MA in the albumin nanoparticles, the acetone was gradually added during sonication with an Ultrasonic Sonicator (Bandelin, Germany) based on the method used previously to load Tamoxifen in the human serum albumin nanoparticles (Kouchakzadeh et al. 2014 ).
Evaluation of the surface morphology and particle size determination
From each of the products obtained, smears were prepared and after being coated with gold, a field emission test was performed using Scanning Electron Microscopy (SEM, Tescan Mira3-XMU, Kohoutovice, Czech Republic).
Parasite culture
The promastigote form of the standard strain of Leishmania major (MRHO/IR/75/ER) was taken from the Liquid Nitrogen Tank and initially transferred to a two-phase medium NNN. For mass cultivation, complete RPMI-1640 medium with L-Glutamin, HEPES and containing penicillin-streptomycin (100 IU/ml) supplemented with 10% heat-inactivated FBS was used as previously described (Fouladvand et al. 2013) . The promastigotes in the stationary phase, also subcultured for achieving more parasites.
Macrophage culture
Strains of J774 mouse macrophages were taken from the Liquid Nitrogen Tank which has been provided before by the Department of Immunology, Shiraz University of Medical Sciences, Iran, and then cultured in complete RPMI-1640 medium at 37°C and CO 2 (5%) conditions.
Evaluation of the cytotoxicity of processed nanoparticles on macrophages
A suspension (1 9 10 5 cells/ml) was prepared from cultured macrophages and 100 ll was poured into each well of 96-well flat bottom microplates. After 24 h of incubation at 37°C with CO 2 (5%), supernatant was removed and 100 ll of drugs in serial dilutions (90, 30, 10, 3 .3, 1.1, 0.34 and 0.12 lg/ml) were added to the wells and again incubated for 48 h at 37°C.
The MTT assay technique was used to measure macrophage proliferation. First, 10 ll of MTT solution (5 mg/ ml) was added to each well, and after 4 h of incubation at room temperature and in a dark place, DMSO was added in the wells to dissolve the formazan crystals formed. After being shaken for 20 min, the ODs were read at a wavelength of 570 nm and background absorption of 630 nm.
Evaluation of the inhibitory of processed nanoparticles on promastigote forms of parasites
A suspension (1 9 10 6 parasites/ml) from promastigotes in stationary phase was prepared and 100 ll was poured into each well of 96-well flat bottom microplates. Then, 100 ll of drugs (prepared at the same serial dilutions mentioned above) were added to the wells and incubated for 48 h at 25°C. The next step was to add the MTT solution and continue the process as described above. All tests were performed as triplicate.
Statistical analysis
The results were analysed using statistical software (GraphPad Prism 6 Demo) and an ANOVA test.
Results
Evaluation of the surface morphology and determination of particle size Images taken by the SEM in order to evaluate the surface morphology and the size of the drugs prepared by different methods (with different concentrations of glutaraldehyde, with no using glutaraldehyde, with EDC) are shown in Fig. 1 . The evaluation of the images indicated that the drug prepared by 10 ll/ml glutaraldehyde has the best condition in terms of size and morphology compared with drugs treated with glutaraldehyde (5 ll/ml), non-treated with glutaraldehyde, and also treated with DEC.
Evaluation of the cytotoxicity and inhibitory of processed nanoparticles
The cytotoxicity and inhibitory of the nanoparticles on macrophages and promastigotes were calculated using the formula [Viability (%) = OD Test -OD Blank /OD Cont -OD Blank 9 100] and [Cytotoxicity(%) = 100-Viability (%)]. Graphs were drawn using statistical software (GraphPad Prism 6 Demo) (Figs. 2, 3, 4, 5) .
As shown in Table 1 , the lowest IC50 and highest CC50 values were associated with nanoparticles treated with glutaraldehyde (10 lg/ml) ( Table 1) .
Disscusion
Leishmaniasis is one of the most important zoonotic diseases and is responsible for various species of Leishmania parasites. Cutaneous leishmaniasis (CL) is the most common form of the disease and is still a health problem worldwide, especially in tropical and subtropical areas. Currently, pentavalent antimony compounds such as glucantime and pentostame, are used to treat leishmaniasis as the first drugs of choice and amphotericin-B, paramomycin, pentamidine and miltefosine as second choices. These compounds cause various side effects in the body, but there are also other problems such as increased parasite resistance to these drugs. Therefore, there is a need to discover new drugs with less toxicity and more therapeutic effects (Santos et al. 2008) .
In recent years, there has been a focus on providing nanoparticles as carriers for drug delivery. For some reasons, such as changes in the pharmacokinetics of a drug, these nanostructures can control drug release and protect the molecules of drugs. Also, because they are smaller in size than cells, they are able to cross biological barriers to deliver the drug to the target site and have a long life in the bloodstream. Therefore, they are very good options as a drug delivery system (Benita 2006) . In the preparation of these nanoparticles, various materials such as polymers, metal particles and lipids are used, out of which, depending on the production method, different shapes and sizes of particles can be produced. In recent years, protein nanoparticles have been used as an important carrier in the drug delivery system (Elzoghby et al. 2012; Peters 1995) . In this study, albumin was used to encapsulate meglumine antimonate and, as already mentioned, the results achieved were satisfactory. Albumin is a plasma protein and acts as a natural carrier of many molecules, including fatty acids, eicosanoids, bile acids, steroid hormones, vitamin D, vitamin C, folate, copper, zinc, calcium and magnesium, as well as many drugs in the bloodstream such as penicillins, sulfanamides, benzodiazepines and indole compounds. Another important feature of albumin is its preferential removal by inflammatory as well as tumour tissues, which makes it a good candidate to be selected as a drug carrier. On the other hand, the naturaly presence of high amounts of albumin in the body makes it possible to inject significant amounts of it without or with very less complications (Peters 1995; Miele et al. 2009; Kratz 2008) . In some similar studies, albumin has also been used to prepare nano-drugs. In a study conducted by Samir Das et al. (2011) to evaluate the anti-leishmanial effect of miltefosine-loaded albumin in invitro, the toxicity of the drug was reduced on the RAW264.7 macrophages, and the drug was able to target macrophages very well. In another study, the intake of paramomycin-loaded albumin by RAW264.7 macrophages was evaluated in invitro Nanoparticles treated with glutaraldehyde (10 lg/ml). 2: Nanoparticles treated with glutaraldehyde (5 lg/ml). 3: Nanoparticles nontreated with glutaraldehyde. 4: Nanoparticles treated with EDC. Control: Glucantime conditions and the authors mentioned that the rate of drug intake was significant, which is considered appropriate for the treatment of visceral leishmaniasis .
In the present study, various methods were used to synthesize meglumine antimonate-loaded albumin nanoparticles to compare final products in terms of morphology, particle size as well as anti-leishmanial activity and to select the best form for further studies. As shown in the figures of the results, the drug prepared by 10 ll/ml glutaraldehyde has the best condition in terms of size and morphology. In the evaluation of anti-leishmanial activities, this form of drug had the highest effect (IC50 = 8.35). On the other hand, in studying the cytotoxicity of these products on J774 macrophages, we observed the lowest toxicity of this drug compared to the other three prepared forms (CC50 = 309.7). In an experimental study on Hamsters infected with visceral leishmaniasis, SanchezBrunete et al. (2004) indicated that the amphotericin-B loaded albumin could reduce the toxicity of the drug to eight times and interestingly, after injection of the drug, its accumulation in the liver and spleen tissues was significantly higher, so that's why the authors have introduced this form of the drug as a good alternative to amphotericin-B dezoxy culate (AMB-Doc). Jithan et al. (2011) encapsulated curcumin with albumin using glutaraldehyde and evaluated its therapeutic effects on breast cancer. In another study, Prabhakar Reddy Veerareddy et al. developed amphotericin-B as nanospheric lipids and after manosylation, evaluated its anti-leishmanial effects in BALB/c mice infected with Leishmania donovani. Researchers have used glutaraldehyde as an important ingredient in binding sufficient amounts of glycoside to aminophosphatidyl ethanolamine groups (Veerareddy et al. 2009 ). In a study, the anti-leishmanial effect of the liposomal meglumine antimonate on Leishmania-infected macrophages was evaluated and the results showed a significant inhibitory of the drug on parasite as well as its low toxicity on infected macrophages compared to the free drug (Borborema et al. 2011) .
Conclusion
Considering that encapsulation of glucantime with albumin as a non-toxic carrier using glutaraldehyde at a concentration of 10 lg/ml, can improve and optimize the antileishmanial effects of this old drug, so, this form of drug can be a good alternative to the current drug and it is suggested that further studies be carried out in invivo studies.
